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Summary
Background: Routine EEGs in individuals with epilepsy have interictal spikes in 56% of
cases. The availability of prolonged EEG has changed the use of EEG in the assessment
of epilepsy.
Objective: To determine the time to first epileptiform activity on EEG in patients with
epilepsy. This data will help optimize the duration of electrographic assessment for
interictal activity in epileptic individuals.
Methods: 46 consecutive patients aged 10 years or older with epilepsy were eval-
uated. Individuals with seizures in the prior 24 h or with acute symptomatic seizures
were excluded. Continuous EEG (for 1—7 days) was analyzed to find the first definite
epileptiform activity and the latency assessed.
Results: 37% of the patients had epileptiform activity in the first 20 min of the
continuous recording (duration of a routine EEG). 89% had epileptiform activity within
24 h. The yield drops beyond 24 h. 8% of the individuals had no epileptiform activity
even after 72 h.
Conclusions: The study suggests the need to consider a change in EEG strategy to
assess interictal epileptiform activity. The greatest probability of capturing an
interictal abnormality within 20 min was in individuals with generalized epilepsy.
In individuals with suspected epilepsy in whom electrographic interictal spike con-
firmation is deemed necessary, after a first nonspecific or normal routine EEG, a 24 h
EEG should be the next step in the electrographic assessment. This study suggests that
there may not be much benefit in monitoring for durations longer than 24 h, unless
capturing a seizure is the intent.
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Epidemiologic studies define epilepsy as two spon-
taneous unprovoked non-febrile epileptic seizures
separated by aminimum of 24 h.1 The importance of
EEG is that it is a simple test that offers diagnostic
information about epilepsy at a time when the
patient is not actively seizing. In clinical practiceTable 1 Individual patient data
Patient Time to first spike Stage of fir
1 6 s Stage I
2 1 h 16 min Stage I
3 48 s Stage I
4 2 h 30 min Stage II
5 1 s Awake
6 57 min Stage II
7 5 h 0 min Stage I
8 12 min Stage I
9 1 min Awake
10 5 min Stage I
11 18 min Stage I
12 4 min Stage I
13 4 min Awake
14 3 min Stage I
15 1 min Stage I
16 48 h 30 min Awake
17 None 
18 1 min 30 s Awake
19 40 s Awake
20 3 h 25 min Awake
21 1 min Awake
22 9 h Stage II
23 8 h 20 min Stage I
24 37 min Awake
25 5 h 20 min Stage I
26 21 h Stage I
27 None 
28 2 h 22 min Stage I
29 3 h 35 min Stage I
30 1 h 40 min Stage I
31 1 h 20 min Stage I
32 23 min Awake
33 None 
34 10 h 55 min Stage II
35 55 min Stage I
36 1 h 57 min Stage I
37 None 
38 4 min Awake
39 4 h 07 min Stage I
40 1 h 10 min Stage I
41 1 h 04 min Stage I
42 2 h 35 min Stage I
43 8 h 40 min Stage I
44 11 h 43 min Stage I
45 1 min 20 s Awake
46 1 min 40 s Stage I
Min = min; s = seconds; h = hours; temp = temporal; R = right; L = ledata from the EEG is reconciled with clinical data. In
addition to being of diagnostic importance, the EEG
is considered an important predictive factor for
seizure recurrence. Patients with seizures and a
pattern of generalized spike wave discharges on
the EEG have a recurrence risk of 15% at 1 year
and 58% at 5 years. Those with seizures and a none-
pileptiform EEG (normal or nonspecific EEG findings)st spike Spike rate EEG class
2—3 min1 Bitemporal
18 min1 Extra-temporal
3 min1 L temp
20 h1 R temp
40 min1 Multifocal
11 h1 R temp
24 h1 Bitemporal
5 h1 Bitemporal
10 min1 Generalized
40 h1 L temp
3 min1 R temp
15 h1 Bitemporal
13 min1 Generalized
109 h1 R hemisphere
70 min1 Bitemporal
10 h1 Generalized
 
2—3 min1 Generalized
5 h1 L frontal
5—10 h1 L temp
12 min1 Multifocal
5 min1 L frontal
7 min1 L occipital
13 h1 Bitemporal
14 h1 Bitemporal
20 h1 Bitemporal
 
13 h1 R temp
28 h1 R temp
41 h1 L temp
17 h1 L temp
165 h1 L temp
 
27 min1 Generalized
2 min1 Generalized
15 h1 L temp
 
16 min1 Multifocal
6 h1 Bitemporal
5 min1 Extra-temporal
9 min1 R temp
5 min1 R temp
10 min1 Multifocal
1—2 h1 Generalized
3 min1 Bitemporal
10 min1 R temp
ft.
36 J.T. Narayanan et al.have a 9% and 26% chance of seizure recurrence at
one and 5 years.2 In a study to assess sensitivity of
the EEG in epilepsy patients, 56% of patients with a
positive history of epilepsy had specific epileptiform
phenomena on one EEG. This increased to 92% with
three EEG’s.3 Regarding the issue of specificity or
false positives findings on EEG, Zivin and Ajmone-
Marsan reported 2.2% of individuals without epilepsy
had an epileptiform abnormality on EEG.4
These studies were performed with routine EEGs
in the era when prolonged continuous EEG monitor-
ing was not readily available or performed. Pro-
longed EEG monitoring facilities are now readily
available. To better assess the interictal epilepti-
form phenomenawe utilized continuous EEG record-
ing monitoring in a group of individuals with
epilepsy. We looked at the latency to first epilepti-
form spike, sharp wave, or slow sharp wave in 46
patients with epilepsy to determine (1) how many
have epileptiform activity and (2) the time to first
clear epileptiform activity. This information is use-
ful in determining the limits of routine verse con-
tinuous EEG recording in the electrographic
assessment of individuals with seizures.Methods
Forty six consecutive patients who were admitted
for Video-EEG monitoring at two epilepsy centers
(New York Hospital-Queens (NYHQ) and Weill-Cor-Table 2 EEG and patient data summary
EEG data
Spike timing (42 of 46 patients had a spike)
Latency to first spike: 1 s to 48.5 h
First spike in 20 min 17/46
First spike within 24 h 41/46
First spike after 24 h 1/46
State at first spike: awake 12/42, asleep 30/42 (stage I 2
State at first spike by epilepsy type:
Patient data
Reason for admission
Diagnostic assessment (to assess type of epilepsy): 19/
Surgical evaluation: 21/46
Seizure control: 6/46
Epilepsy classification by EEG
Generalized: 7/46
Multifocal: 4/46
Focal: 31/46
Unitemporal: 15/31
Bitemporal: 10/31
Extra-temporal: 6/31nell Medical Center) between October 2001 and
April 2002 were included in the study. All patients
had a history of definite epileptic seizures. The
patients were admitted for the following reasons:
(1) diagnosis (19/46) (2) surgical evaluation (21/46)
and (3) control of seizures (6/46). Table 1 lists all the
relevant individual patient data and Table 2 sum-
marizes this data. We excluded patients below age
10, those with acute symptomatic seizures and
those with seizures in the 24 h prior to evaluation.
The age 10 exclusion was because historical con-
firmation of epileptic seizures is difficult in this
group. The 24 h exclusion was because of our con-
cern that the interictal epileptiform activity might
increase in the peri-ictal or post-ictal period and the
data may not be comparable to patients who did not
have recent seizures.5
Three of the patients were admitted for control
of seizures and their antiepileptic medications were
not decreased or stopped. In all the other cases, the
medications were either tapered or stopped during
the course of the monitoring. The duration of mon-
itoring varied from 24 h to 7 days, and was generally
determined by clinical factors. The minimal time of
study for a patient with no spikes was 72 h.
EEG recording and analysis
The patients underwent continuous Video—EEG
monitoring using cable telemetry system hardware
by either Stellate (NYHQ) or XLTEK (Weill). EEG and6, stage II 4)
Generalized or multifocal 7/11 awake
Focal 5/31 awake
46
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Figure 1 Distribution of the latency to first spike in
different patients.video data were stored on hard disc. Most of the
patients had activation procedures including hyper-
ventilation and photic stimulation during the initial
20—30 min of recording. Although, EEG data was
recorded using a spike and seizure detection soft-
ware system, neither spike nor seizure detection
algorithms were utilized to determine the first spike
or maximal spike rate. Spikes and sharp waves were
manually counted. The duration of monitoring var-
ied from 24 h to 7 days. The EEG was visually
analyzed to detect the first definite epileptiform
activity and the latency calculated. The next four
consecutive spikes or sharp waves were also looked
at to confirm the epileptiform morphology. Maximal
spike rate was calculated by visual inspection of the
continuous data.
Activity was considered epileptiform if it met
four of the following five conditions. These criteria
are comparable to the criteria reported in the
literature.4,6,7 (1) Asymmetric upslope and down
slope and a potential field. (2) A slow after wave
following the spike. (3) Bi or triphasic morphology.
(4) Spike having a different wave duration than the
ongoing background activity and (5) background
activity surrounding the epileptiform wave is dis-
turbed by the presence of slow waves of a frequency
range below that of the predominant background
rhythm.Figure 2 Percent of patients who have their first epi-
leptiform activity within different intervals of time.Results
EEG data
The latency to the first epileptiform activity ranged
from 1 s to 48.5 h. Thirty seven per cent (17/46) of
the patients had their first epileptiform activity in
the initial 20 min of the recording. Eighty nine
percent (41/46) of the patients had their first epi-
leptiform activity in the initial 24 h. Excluding the
patients who did not have any epileptiform activity
during their entire recording session, this number
was 98% (41/42). Only one patient who had spikes
had the initial spike after the first 24 h (at 49 h).
Fig. 1 shows a scatter-plot of the latency to first
epileptiform activity in all patients. Fig. 2 depicts
the proportion of patients who had their first epi-
leptiform activity within different time intervals
between 20 min and 49 h. There was no correlation
between the latency to first epileptiform activity
and the maximal spike rate.
Patient data
Of the 46 patients in the study, 15% (7/46) had
generalized epilepsy (including primary and symp-tomatic generalized epilepsy syndromes), 22% (10/
46) had bitemporal, 15% (7/46) left temporal, 17%
(8/46) right temporal, 8% (4/46) multifocal and 13%
(6/46) extra-temporal epilepsies. This classification
was based on electrographic findings. Patients with
side to side ratio of less than 3—1 were considered
bitemporal.8
The patients who had their first epileptiform
activity in the initial 20 min included 75% (3/4) of
themultifocal, 43% (3/7) of the generalized, 50% (5/
10) of the bitemporal, 29% (2/7) of the left tem-
poral, 25% (2/8) of right temporal and 33% (2/6) of
the extra-temporal group.
For the patients who had their first epileptiform
activity in the initial 20 min of the recording, the
maximal spike rate ranged from 5 h1 to 4200 h1
(70 min1). All (100%; 42/42) of the patients with
spikes had their maximum spike rate in sleep.
Twenty-nine percent (12/42) of patients had their
first epileptiform activity in the waking state. Of the
patient electrographically categorized as general-
ized 57% (4/7) had the first spike in wakefulness. In
the multifocal group 75% (3/4) occurred in wakeful-
ness. Initial spikes in the waking state were less
frequent for the focal epilepsies. Twenty-nine per-
cent (2/7) of the left temporals, 20% (2/10) for the
bitemporals, 17% (1/6) for the extra-temporals and
none (0/8) of the right temporal group had the
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42) of all the patients had their first epileptiform
activity in sleep.
Four of the patients (8%; 4/46)) did not have any
interictal epileptiform activity on their EEG even
after a minimum of 72 h of continuous monitoring.
All of non spikers were off antiepileptic medications
for at least the last 24 h. All had a history consistent
with partial seizures and two of them proceeded to
have partial seizures during the recording. The four
non spikers had normal brain imaging and intellect.
On simple statistical analysis, for the full set of
patients, the sensitivity of the 20 min EEG was 32%
and that of the 24 h study was 89% with an odds ratio
of .059. If the four patients who did not have any
spikes on their EEG were removed from the list, the
sensitivity of the 20 min EEG was 36% and that of the
24 h study was 98% with an odds ratio of .013.
Specificity cannot be determined from our data
since all patients have epilepsy and the false-posi-
tivity cannot be assessed.
Considering the subset of patient with general-
ized epilepsy, the sensitivity of the 20 min study was
43% and that of the 24 h study 86% with an odds ratio
of .083 in favor of the 24 h study. For the patients
with partial epilepsy, the sensitivity of the 20 min
study was 31% and that of the 24 h study was 89%
with an odds ratio of .059 and for the patients with
multifocal epilepsy, the sensitivity of the 20 min
study was 75% and that of the 24 h study was 100%.Discussion
In the first four decades after the report on the
recording of human EEGs by Hans Berger in 1929,
information in the EEG was utilized as an important
localizing test for diseases of the cerebral hemi-
spheres.9 With the advent of modern neuroimaging
technology, the role of EEG for localization dimin-
ished. Its usefulness as an adjunct for the diagnosis
and treatment of epilepsy remains. Since the initial
use of long term EEG monitoring in the 1970’s and
the availability of EEG digital technology in the mid
1980’s10,11 prolonged EEG recording has become
economical and readily available.
In individuals with epilepsy the EEG helps in
adding confirmatory data to the diagnosis, classifi-
cation and localization of the epileptic disorder. The
treating clinician is more comfortable in utilizing an
AED (antiepileptic drug) to maximal tolerated dose
when confident that the clinical diagnosis is con-
firmed electrographically.
Our primary question deals with the timing of the
initial epileptiform activity subsequent to the start
of a prolonged EEG recording. Secondary informa-tion regarding how many individuals do not have
spikes within a reasonable period of time (72 h) and
at what point does the chance of obtaining EEG
spikes drop low enough to not justify further record-
ing became available. In this study we used the first
20 min of the continuous recording as a surrogate for
a routine EEG.
Both sensitivity (spikes in the EEG in an individual
with seizures), and specificity (no spikes in someone
with no seizures) utilizing routine EEG vary widely.
Ajmone-Marsan and Zivin assessing sensitivity of the
EEG in individuals with known epilepsy found an
epileptiform abnormality in first routine EEG in
56% of patients and this increased to 92% after
repeated EEGs (average of six per patient).3 The
same authors4 looked at how frequently individuals
without epilepsy have epileptiform spikes (false
positives). In 6497 EEG examinations over 13 years
in patients referred for reasons other than epilepsy
they found 2.2% (142 of 6497) had epileptiform
activity on the EEG. Most of the remaining literature
regarding epileptiform EEG in normal individuals is
in children. Cavazutti et al.12 performed a study of
3726 ‘‘normal children’’ aged 6—13 and recorded a
single EEG with hyperventilation. Epileptiform
activity occurred in 3.5% (131 of 3726) of the
patients. Some of the 131 false positives actually
developed epilepsy after the study. In a meta-ana-
lysis of 25 studies, wide inter-reader variation
appears to account for the large variance in sensi-
tivity and specificity.13
In our study, all the patients had epilepsy; 37% (17
of 46) of the patients had definite epileptiform
activity in the first 20 min of the monitoring. This
figure is lower than the 56% figure mentioned
above.3 In the earlier study more than 1/3 (116 or
308) of the patients were below age 10 and we did
not include children below the age of 10 in our study.
In this study at the 24-h mark, the positive yield
increased to 89% (41 of 46) of all patients. If we
exclude the four patients who did not have any
epileptiform activity during the entire monitoring
session (72 h), the yield was 98% (41 of 42). The only
patient having the initial epileptiform activity out-
side the 24 h had the first epileptiform activity at
49 h.
Looking at the spike data in a different manner:
at 20 min 17 patients had spikes and 29 did not. Of
this group of 29 patients without spikes 24 had
confirmatory epileptiform spikes at 24 h. This
detection rate increase (24/29 = 83%) is consider-
ably higher than that described by Liporace et al.14
in comparing detection of spikes in patients with
epilepsy and normal or equivocal routine EEG’s
(33%). Our number is higher because (1) we used
manual detections methods rather than a spike
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whereas in the prior study automatic detection and
sampling were utilized and (3) all of our patients
met clinical criteria for the diagnosis of epilepsy.
More than half (54%) of the patients with general-
ized or multifocal epilepsy had the first spike in
20 min (3 of 4 of the multifocal spike group and 3
of 7 of those with generalized spikes), whereas
about one-third (31%) of those with partial epilepsy
had their first epileptiform activity in the initial
20 min. Although our numbers are too low for a
detailed statistical analysis, it appears that indivi-
duals with a diffuse epileptic process (generalized
or multifocal epilepsy) have a higher chance of an
interictal epileptiform abnormality in a routine (the
first 20 min in our study) EEG. The 24 h continuous
study is useful in both the generalized and partial
groups and increases the yield to 100% (generalized
group) and to 89% (partial group), respectively. The
additional yield beyond 24 h is very low.
Spike frequency in the 41 patients with spikes
varied widely (1.5 h1 to 70 min1). There was no
correlation between maximal spike rate and the
latency to first epileptiform activity. This is related
to the observation that maximum spike rate
occurred in sleep in all the patients irrespective
of the latency to the first spike. The relationship
would probably be different if all recordings began
near the time the patient falls asleep.
This data is in agreement with the study reported
by Ebersole and Spencer,15 in which of 100 patients
referred to an epilepsy center including people with
and without definite epilepsy, 66% had epileptiform
activity in the first 24 h, 30% of whom had normal
baseline tracings. Only 9% more had epileptic activ-
ity after 24 h. The Ebersole study was done to
evaluate the usefulness of a new electrodiagnostic
tool (the ambulatory cassette EEG recorder). Both
studies suggest that 24 hmay be the point where the
cost benefit ratio drops. The discrepancy in the
proportion of patients having epileptiform activity
in 24 h between their study and ours could be
related to the fact that we included only patients
with clinical history consistent with epilepsy and the
fact that in the earlier study the record only utilized
three channels.
Seventy-one percent (30 of 42) of the patients
had their first epileptiform activity in sleep which is
concordant with other data in the literature indi-
cating that epileptiform phenomena increase in
sleep.16 NREM sleep has been shown to activate
interictal activity.16—19
We did not address the issue of sleep deprivation,
but there is no clear consensus regarding this prac-
tice in EEG recording.20 Gilbert et al.21 looked at 820
EEGs, and concluded that standard or partial sleepdeprivation prior to the EEG significantly increased
the odds of epileptiform EEG. On the other hand,
there have been studies that have indicated that
sleep deprivation does increase the yield of epilepti-
form activity in an EEG. Leach et al. showed that a
sleep deprived EEG increased sensitivity from 58% to
92% in a population of young patients with epi-
lepsy.22
Initial epileptiform activity while awake is more
common in those with a diffuse epileptic process.
Fifty-seven percent (4 of 7) of the generalized group
and 75%(3 of 4) of themultifocal group had their first
epileptiform activity in the awake state but only 20%
of the partial epilepsy group had a first spike in the
awake state. In this partial group none of the eight
in the right temporal group had the initial spikes
while awake. The patients who are more likely to
have epileptiform activity in the awake state have
multifocal epilepsy and to a lesser extent general-
ized epilepsy. Although the sample size is small, the
finding that no patients with right temporal epilepsy
had their first spike in wakefulness is in agreement
with reports in literature suggesting that the right
hemisphere is less epileptiform than the left.23—26
Eight percent (4 of 46) of the patients did not
have any epileptiform activity despite a minimum of
72 h of recording, as well as routine EEG activation
procedures (hyperventilation and photic stimula-
tion). All these patients were off all antiepileptic
medications for at least 24 h during the monitoring
and they all had partial epilepsy by history and
subsequent findings (3 temp, 1 frontal). The 8%
figure obtained in our study for epileptics with no
interictal epileptiform activity is higher than the
4.7% figure reported by Hughes and Greuner.27 This
may be related to the fact that we considered only
epileptiform abnormalities and did not include any
children below the age of 10. Our sample size is too
small to make definitive conclusions on this group of
‘‘non spikers’’. A larger study of ‘‘oligospikers’’
defined as less than one spike per hour has suggested
that these patients have less frequent and less
severe seizures.28 The absence of spikes could
relate to the location of or the number of spike
generating units.
It can be argued that since we based our study on
epilepsy center admissions, the patients probably
had poorly controlled epilepsy, compared to epi-
lepsy patients in the general population. If that
were the case we would expect the interictal epi-
leptiform activity picked up in the first 20 min to be
even lower in a population of outpatients with same
criteria but less severe epilepsy. The increased yield
of interictal information from more prolonged mon-
itoring probably stems from a combination of
increased sampling and sleep recording.
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translating the data obtained on hospitalized
patients to the study of outpatients. These include
(1) the timing to the first spike, (2) level of con-
sciousness at the first spike, (3) quality of EEG
recording and (4) reduction of antiepileptic medica-
tions. Patients in the hospital are generally pre-
pared for recording by 1—2 p.m. in the afternoon.
Some fall asleep in the early afternoon, but some do
not have sustained sleep until late in the evening.
We assessed the first spike from the time we started
recording and not from sleep onset. Perhaps if we
started recording all patients near sleep onset the
proportion of early first spikes would be higher. The
inpatient setting also permitted higher quality tech-
nical quality of the EEG’s than could be obtained in
the outpatient environment, but being that our
findings suggest that the first 24 h is the most crucial
recording period deterioration in the state of the
electrodes in an outpatient setting might not be a
problem. Lastly is the issue of AED reduction. Taper-
ing of antiepileptic medications has not been shown
to systematically alter interictal spike activity
before seizure induction.5
Although the EEG is the least expensive of the
major interictal tests (MRI, and PET) in the assess-
ment of epilepsy, cost remains a factor in appro-
priate electrographic testing.
Although the sample size is small, our study
suggests that 24 h study provides a much higher
yield of interictal epileptiform activity compared
to a 20 min routine EEG study especially in patients
with partial epilepsy.
In downstate New York themedicare rates (2006—
empire medicare) for EEG tests are: Routine Awake
and Drowsy EEG (95816) $234, 24 h Non Video EEG
(95956) ($912) and 24 h Video EEG (95951) ($2169).
This translates to a 24 h EEG (non video) costing
approximately four times that of a routine EEG.
This study was performed on inpatients, but we
are not implying that inpatient monitoring is neces-
sary to assess spikes in the EEG. The results can be
translated to the outpatient assessment of spikes in
the EEG utilizing either routine or continuous ambu-
latory EEG. Where does our study leave us? The
continuous EEG with manual scoring will show an
epileptiform abnormality in 90% of individuals with
epilepsy. It will more than double the observation of
epileptiform spikes in comparison to a 20 min EEG
(from 37% to 89%) of patients. There is little gain in
performing the test beyond 24 h. There is a subset of
patients that might have an initial routine (20 min
study–—95816) in the hope of avoiding the cost of the
more prolonged study. These are the patients that
on clinical grounds might have generalized or multi-
focal epilepsy.Disclosure
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